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$%675$&7
7KLVZRUNSUHVHQWVDQLGHQWLILFDWLRQVWUDWHJ\RIORFDOHODVWLFSURSHUWLHVRIRUWKRWURSLFFDUERQ
HSR[\ ODPLQDWHV IRU DYLDWLRQ LQGXVWU\ %DVHG RQ JOREDO DQG ORFDO VWDJHV RI VWXG\ WKLV
PHWKRGRORJ\ XVHV WKH )LQLWH (OHPHQW 0RGHO 8SGDWLQJ )(08 PHWKRG DV LGHQWLILFDWLRQ
WHFKQLTXHZLWKVLPXODWHGNLQHPDWLFILHOGVFRUUHVSRQGLQJWRWHQVLOHWHVWUHVSRQVH7KHDLPRI
WKLV SDSHU LV WR SUHGLFW WKH VSDWLDO YDULDWLRQ RI HODVWLF SODQH SURSHUWLHV DQG WR GHGXFH WKH
ORFDOL]DWLRQRIGDPDJHG]RQHV
.H\ZRUGV ,GHQWLILFDWLRQ VWUDWHJ\ )LQLWH (OHPHQW 0RGHO 8SGDWLQJ PHWKRG RUWKRWURSLF
FRPSRVLWHVWUXFWXUHYLUJLQPDWHULDOSURSHUWLHVGDPDJHG]RQHORFDOL]DWLRQ
,1752'8&7,21
2QHRIWKHPDLQFKDOOHQJHVLQFRPSRVLWHGHVLJQDQGGHYHORSPHQWLVWREHDEOHWRFRPSXWHWKH
GDPDJHVWDWHDWDQ\SRLQWRIDFRPSRVLWHVWUXFWXUHGXULQJDFRPSOH[ORDGLQJ,QWKLVFRQWH[W
WKH NQRZOHGJH RI WKH VSDWLDO GLVWULEXWLRQ RI WKHPDWHULDO SURSHUWLHV SURYLGHV D TXDQWLWDWLYH
HVWLPDWLRQRIWKHGDPDJHOHYHODQGORFDOL]DWLRQ*HQHUDOO\VXFKLQYHVWLJDWLRQLVPDGHLQWKH
FRQWH[W RI1RQ'HVWUXFWLYH7HVWLQJ 1'7 WKURXJK H[SHULPHQWDOPHDVXUHPHQWV RI DFRXVWLF
WUDQVPLVVLRQRUUHIOHFWLRQXOWUDVRXQGZDYHV3pURQQHWD*DUQLHU0RXULW]
<DVKLUR/HGUX%R\HUVTXDUHSXOVHRUVLQXVRLGDORUSXOVHWKHUPDOZDYHV
3pURQQHW E 3pURQQHW D*XLEHUW  ,EDUUD&DVWDQHGR &KRL  RU
GHQVLPHWULF ILHOGV 3pURQQHW E %UDXOW  &DUPRQD  6FKLOOLQJ 
%D\UDNWDUD
7KHZRUNSUHVHQWHGKHUH LQWHQGV WRDFFHVV WR VXFK VSDWLDOGLVWULEXWLRQRISURSHUWLHV WKURXJK
WKHDQDO\VLVRINLQHPDWLFILHOGVDQGE\PHDQVRI WKH ILQLWHHOHPHQWPRGHOXSGDWLQJPHWKRG
6XFKLWHUDWLYHWHFKQLTXHKDVPDQ\LQWHUHVWLQJDGYDQWDJHVIRUVWUXFWXUDODQDO\VLVDQGLQGXVWULDO
UHTXLUHPHQWVLQFOXGLQJWKHQXPHULFDOIUDPHZRUNWKHDELOLW\WRH[SORUHFRPSOH[VKDSHVDQG
ORDGV DQG D WUHDWPHQW EDVHG RQ VXUIDFH PHDVXUHPHQW ZLWKRXW DQ\ DVVXPSWLRQ RQ YROXPH
GLVWULEXWLRQ*UpGLDF$YULO
$QXPEHURIVWXGLHVKDYHDOUHDG\EHHQFRQGXFWHGLQWKLVVHQVHIRULVRWURSLFPDWHULDOVHLWKHU
ZLWK HODVWLFRU HODVWRSODVWLFEHKDYLRXU )D]]LQL&ODLUH $YULO &URX]HL[
 3DQQLHU  DQG HODVWLF RUWKRWURSLF PDWHULDOV /HFRPSWH  /HFOHUF 
5LNDUGV9DXWULQ<HWDOOH[LVWLQJZRUNVLQYHVWLJDWHWKHFDVHRIPHGLDWKDWDUH
FRQVLGHUHG DV PDFURVFRSLFDOO\ KRPRJHQHRXV WKDW LV ZLWKRXW DQ\ VSDWLDO YDULDWLRQ RI WKHLU
PDFURVFRSLF HODVWLF SURSHUWLHV 7KHPDLQ FRQWULEXWLRQ RI WKLV SDSHU LV WKHQ WR SURSRVH DQ
H[WHQVLRQRIWKH)(08LGHQWLILFDWLRQPHWKRGWRWKHFRQWH[WRIGDPDJHGRUWKRWURSLFPDWHULDOV
'DPDJHLVDVVRFLDWHGKHUHWRLQWHUQDOGHIHFWVLQGXFLQJORFDOGHJUDGDWLRQRIWKHYLUJLQPDWHULDO
DQG OHDGLQJ WR D VSDWLDO YDULDWLRQ RI WKH PDWHULDO HODVWLF SURSHUWLHV 6WXGLHG PHGLD FDQ
DFFRUGLQJO\ EH FRQVLGHUHG DV PDFURVFRSLFDOO\ KHWHURJHQHRXV 7KH DLP LV WR LGHQWLI\ IRUP
NLQHPDWLF ILHOGV WKH ORFDORUWKRWURSLFHODVWLFSURSHUWLHV WRGHGXFH WKHLUVSDWLDOYDULDWLRQDQG
WKHQWRGHWHUPLQHWKHGDPDJHG]RQHZLWKLQWKHPDWHULDO
,Q D ILUVW VWHS WKHPHWKRGRORJ\ LV LPSOHPHQWHG IRU VLPXODWHG NLQHPDWLF ILHOGV LQ RUGHU WR
YDOLGDWHWKHSURFHGXUHZLWKRXWDQ\DGGLWLRQDOGLVWXUEDQFHUHODWHGWRH[SHULPHQWDODFTXLVLWLRQ
7KH FRPSRVLWH VWUXFWXUH LQFOXGLQJ D GHIHFW LVPRGHOHG E\ DQ DVVRFLDWLRQ RI WZR SDUWVZLWK
GLIIHUHQW PDWHULDO SURSHUWLHV )LJ  WKH SDUW  FRUUHVSRQGV KHUH WR WKH ³GDPDJHG´ ]RQH
FRPSDUHGZLWKWKHYLUJLQPDWHULDORISDUW7RSUHGLFWWKHVSDWLDOYDULDWLRQWKHPHWKRGRORJ\
DGRSWHG LQ WKH SUHVHQW VWXG\ LV EDVHG RQ JOREDO DQG ORFDO )(08 LGHQWLILFDWLRQ VWHSV DV
GHVFULEHG RQ )LJ  7KLV SDSHU LQWHQGV WR H[SODLQ WKH WZR ILUVW VWHSV LQYROYHG LQ VXFK
PHWKRGRORJ\ DQG WR LOOXVWUDWH WKHP RQ WKH FDVH RI RUWKRWURSLF FRPSRVLWHV FDUERQHSR[\
ODPLQDWHVIRUDYLDWLRQZLWKNLQHPDWLFILHOGVFRUUHVSRQGLQJWRWHQVLOHWHVWV


)LJ&RPSRVLWHVWUXFWXUHZLWKWZRSDUWVRIGLIIHUHQWPDWHULDOSURSHUWLHV


)LJ*OREDODQGORFDOLGHQWLILFDWLRQSURFHGXUH

,'(17,),&$7,212)7+(9,5*,10$7(5,$/3523(57,(6
The FEMU identification technique LPSOHPHQWHGE\0)D]]LQLDVVRFLDWHVWKH$EDTXV)LQLWH
(OHPHQW)(FRGH)D]]LQL7KHVSHFLILFDOJRULWKPZULWWHQLQ3\WKRQODQJXDJHIROORZV
WKHIORZFKDUWSUHVHQWHGLQ)LJ$SDUWLFXODUDWWHQWLRQKDVEHHQSDLGWRWKHPDWFKLQJRIWKH
NLQHPDWLFILHOGVJULGDQGQXPHULFDORQHWKURXJKWKHGHWHUPLQDWLRQRIQHLJKERULQJSRLQWVDQG
LQWHUSRODWLRQIXQFWLRQV7KHFRVWIXQFWLRQPLQLPL]DWLRQLVEDVHGRQWKH/HYHQEHUJ0DUTXDUGW
DOJRULWKP


)LJ,GHQWLILFDWLRQSURFHGXUHEDVHGRQ)(08WHFKQLTXH)D]]LQL
6XFKSURFHGXUHKDVEHHQXVHGIRUWKHLGHQWLILFDWLRQRIYLUJLQSURSHUWLHVRIRUWKRWURSLFFDUERQ
HSR[\ ODPLQDWHV IRU DYLDWLRQ LQGXVWU\ 7KHLU IRXU LQSODQH HODVWLF SURSHUWLHV KDYH EHHQ
GHWHUPLQHG E\PHDQV RI NLQHPDWLF ILHOGV FRUUHVSRQGLQJ WR DQ RSHQKROH WHQVLOH WHVW 6XFK
PHFKDQLFDO VROLFLWDWLRQ JHQHUDWHV D KHWHURJHQHRXV VWUDLQ ILHOG ORFDOL]HG QHDU WKH KROH WKDW
VWLPXODWHVWKHZKROHVWUDLQFRPSRQHQWV0ROLPDUG
7KHLQSXWGDWDIURPZKLFKLGHQWLILFDWLRQLVGRQHDUHWKHGLVSODFHPHQWILHOGVRQWKHVSHFLPHQ
VXUIDFH ,QRXU FDVH WKHVHGDWD DUH JLYHQE\QXPHULFDO VLPXODWLRQZLWK$EDTXVEXW DUH \HW
GHVLJQHG LQ ZKDW IROORZV DV ³H[SHULPHQWDO´ LQ RUGHU WR FODULI\ WKH OLQN ZLWK FODVVLFDO
DSSOLFDWLRQ RI )(08 PHWKRG 3UHFLVHO\ WKH QXPHULFDO ³H[SHULPHQWDO´ PRGHO LV D '
ODPLQDWHG VROLG WKDW DOORZV D UHSUHVHQWDWLRQ FRQVLVWHQWZLWK WKH UHDOPDWHULDO VWUXFWXUH )RU
VXFK D UHSUHVHQWDWLRQ HDFK SO\ LV PRGHOHG ZLWK LWV PDWHULDO RULHQWDWLRQ DQG LWV PDWHULDO
SURSHUWLHV2QWKHRWKHUKDQGWKHVLPXODWHGPRGHOWREHLGHQWLILHGLVD'KRPRJHQHRXVVROLG
ZKLFKDOORZVWRREWDLQWKHIRXULQSODQHJOREDOHODVWLFSURSHUWLHVRIWKHFRPSRVLWHVWUXFWXUH
7KLVJOREDO LGHQWLILFDWLRQVWHS LV FDUULHGRXWRQDSRLQWV LQWHUHVW]RQHDQG IROORZV WKH
IORZFKDUWLQ)LJ
6XFK PHWKRGRORJ\ KDV EHHQ DSSOLHG IRU D VL[ SOLHV >@V FDUERQHSR[\ ODPLQDWHG
FRPSRVLWH VWUXFWXUH LQ *570 ,W VKRXOG EH QRWHG WKDW WKH FDSDELOLW\ RI WKH YLUJLQ
PDWHULDO SURSHUWLHV LGHQWLILFDWLRQ LV YDOLGDWHG IRU GLIIHUHQW FRQILJXUDWLRQV RI WKH ODPLQDWHG
FRPSRVLWHSOLHVVWDFNLQJDQGRULHQWDWLRQFRPSRQHQWVSURSHUWLHVWKURXJKDFRPSDULVRQZLWK
the Kirchhoff-Love theory. Stability and convergence of the algorithm are checked for each 
considered parameters (3pURQQHWF).

)LJ9LUJLQPDWHULDOSURSHUWLHVLGHQWLILFDWLRQIORZFKDUW
7DEOH&DOFXODWHGDQGLGHQWLILHGYLUJLQPDWHULDOSURSHUWLHVIRURXUFRPSRVLWHSODWH
 ( ( * Ȟ
3DUDPHWHUVJLYHQE\
Kirchhoff-Love theory 03D 03D 03D 
)(08LGHQWLILHG
SDUDPHWHUV 03D 03D 03D 


/2&$/,=$7,212)7+('$0$*('=21(
7KHORFDOL]DWLRQRIWKHGDPDJHG]RQHVWHSLQ)LJLVJLYHQE\WKHFDOFXODWHGJDSEHWZHHQ
WKHUHVSRQVHVRIWKHYLUJLQPDWHULDOZLWKFRQVWLWXWLYHSDUDPHWHUVLGHQWLILHGDWWKHSUHYLRXVVWHS
)LJ D DQGWKH GDPDJHG VWUXFWXUH LQFOXGLQJ D YLUJLQ ]RQH DQG D  PP GLDPHWHU FLUFXODU
RSHQKROHGHIHFW)LJE
 
D 9LUJLQPDWHULDOPRGHO E 'DPDJHGVWUXFWXUH
)LJ0RGHOVIRUWKHGDPDJH]RQHORFDOL]DWLRQ
$WWKLVVWDJHWKHGLIILFXOW\OLHVLQWKHFKRLFHRIWKHNLQGRIPHFKDQLFDOUHVSRQVHWKDWSURYLGHV
WKH PRVW UHOHYDQW IHDWXUH IRU WKH GHWHUPLQDWLRQ RI WKH GDPDJHG ]RQH VKDSH )ROORZLQJ
FODVVLFDODQDO\VHVRQHUURUVDVVHVVPHQWWKH9RQ0LVHVHTXLYDOHQWVWUDLQKDVEHHQFRQVLGHUHG
DV WKH UHSUHVHQWDWLYH IHDWXUHRI HDFKVLWXDWLRQ$ VSHFLILFDOJRULWKP LQ3\WKRQ ODQJXDJHKDV
EHHQSXWLQSODFHWRSHUIRUPDXWRPDWLFDOO\WKHIROORZLQJVWHSV
JHQHUDWHWKHYLUJLQPRGHODQGWKHGDPDJHGVWUXFWXUH
ODXQFK WKH $EDTXV MRE RI HDFK PRGHO DQG H[WUDFW DXWRPDWLFDOO\ WKH WKUHH LQSODQH
FRPSRQHQWVRIVWUDLQILHOGVİİİ
FRPSXWHLQHDFKSRLQWRIWKHLUJULGWKHHTXLYDOHQW9RQ0LVHVVWUDLQRIERWKPRGHOV
FRPSXWH WKH JDS EHWZHHQ WKH WZRPRGHOV E\PHDQV RI LQWHUSRODWLRQ FDOFXODWLRQV LQ
RUGHUWRFRPSDUHVDPHJHRPHWULFDOSRLQWVRIWKHVWUXFWXUH
$WWKHHQGWKHHTXLYDOHQWVWUDLQHUURUPDSLVSORWWHG)LJVKRZLQJDORFDOL]HG]RQHZLWK
KLJKO\GLIIHUHQWUHVSRQVHWKDWFRUUHVSRQGVWRWKHGHIHFW]RQHRI)LJ
 
D *OREDOHTXLYDOHQWVWUDLQHUURUPDS E /RFDOHTXLYDOHQWVWUDLQHUURUPDS
)LJ(TXLYDOHQWVWUDLQHUURUPDSV
',0(16,212)7+('$0$*('=21(
)URP WKH ORFDO HTXLYDOHQW VWUDLQ HUURU PDS DQ LPDJH SURFHVVLQJ GHYHORSHG E\ D VSHFLILF
DSSOLFDWLRQ LQ *,03 2VWHUWDJ  DQG ,PDJH - VRIWZDUHV Ferreira, 2010 DOORZV WR
GHVFULEH SUHFLVHO\ WKH GDPDJHG ]RQH RXWOLQH 7KLV LPDJH SURFHVVLQJ LV FRPSRVHG RI WKUHH
VWHSVDVLOOXVWUDWHGLQ)LJ

)LJ,PDJHSURFHVVLQJSURFHGXUH
7KH ILUVW VWHS RI WKH LPDJH SURFHVVLQJ FRQVLVWV LQ SXWWLQJ LQ JUD\VFDOH WKH HUURU PDS ZLWK
*,03VRIWZDUH )LJ6XFKVRIWZDUHDOORZV LQGHHGDJUD\VFDOH UHSUHVHQWDWLRQZLWKEODFN
DQGZKLWHH[WUHPDZKLFKLVRISDUWLFXODULQWHUHVWIRUWKLVTXDQWLWDWLYHVWHS
 
D *OREDOJUD\VFDOHHUURUPDS E /RFDOJUD\VFDOHHUURUPDS
)LJ*UD\VFDOHHUURUPDSV
)URPWKHORFDOJUD\VFDOHHUURUPDSDWKUHVKROGLQJVWHSLVDOVRDFKLHYHGZLWK*,03LQRUGHU
WR FDSWXUH WKH GDPDJHG ]RQH RXWOLQH 7KLV LPSOLHV WR DIIHFW WKH YDOXH  WR WKH FKRVHQ
WKUHVKROGHG UDQJH DQG WKH YDOXH  RXWVLGH WKLV UDQJH DQG DOORZV WR GLVSOD\ RQO\ D FHUWDLQ
UDQJHRIJUD\OHYHO
7KHGDPDJHG]RQHVKDSHLVNQRZQDVFLUFXODUDQGWKHHTXLYDOHQWVWUDLQHUURUPDSLVGHULYHG
IURPWHQVLOHWHVW7KHUHIRUHGXULQJWKHWKUHVKROGLQJVWHSDVSHFLILFDWWHQWLRQLVJLYHQRQWZR
JUD\ OHYHOVZKLFKDUH WKHRQH MXVWEHIRUHFLUFXODUVKDSHGHIRUPDWLRQDQG WKHRWKHURQHZLWK
WKHILUVWFLUFXODUVKDSHGHIRUPDWLRQ)LJ
 
D &LUFXODUVKDSHWKUHVKROG E 1RQFLUFXODUVKDSHWKUHVKROG
)LJ7KHWZRWKUHVKROGLQJPDSV
)URP WKHVH WKUHVKROGLQJ PDSV DQ LPDJH SURFHVVLQJ ZLWK ,PDJH - VRIWZDUH KDV EHHQ
GHYHORSHG LQ RUGHU WR REWDLQ DXWRPDWLFDOO\ HDFK VKDSH RXWOLQH )LJ  WRJHWKHU ZLWK HDFK
VKDSHVL]HODUJHVWDQGVPDOOHVWGLDPHWHUV
 
D &LUFXODUVKDSHRXWOLQH E 1RQFLUFXODUVKDSHRXWOLQH
)LJ7KHWZRRXWOLQHPDSV

7DEOH6KDSHVL]HGLPHQVLRQV
 /DUJHVWGLDPHWHU 6PDOOHVWGLDPHWHU $YHUDJHGLDPHWHU
&LUFXODUVKDSHVL]H PP PP PP
1RQFLUFXODUVKDSHVL]H PP PP PP

&RQFHUQLQJWKHTXDQWLWDWLYHDVSHFWWKHVL]HRIWKHLGHQWLILHGGDPDJHG]RQHFRUUHVSRQGVZLWK
DQHUURURIWRWKHRQHRIWKHGHIHFWLQWURGXFHG,QGHHGWKHPHDQGLDPHWHUEHWZHHQWKHWZR
VKDSHDYHUDJHGLDPHWHUVLVDERXWPPIRUPPLQUHDOLW\7KLVUHVXOWVKRXOGEHWDNHQ
VSDULQJO\DVWKHFDSDELOLW\RIWKLVLPDJHSURFHVVLQJSURFHGXUHZLOOEHYDOLGDWHGRQRWKHUFDVH
VWXGLHV LQ RUGHU WR SURYH LWV UREXVWQHVV 1HYHUWKHOHVV DV ILUVW UHVXOW LW LV LQWHUHVWLQJ DQG
KRSHIXO
&21&/86,21
7KLVZRUNOD\VWKHHDUO\VWDJHVRIDQHZPHWKRGRORJ\IRUWKHLGHQWLILFDWLRQRIGDPDJHG]RQHV
ZLWKLQ RUWKRWURSLF FRPSRVLWHPDWHULDOV IURPNLQHPDWLF ILHOGV 7KH ILUVW VWHS FRQVLVWV LQ WKH
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